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Why Gen-lV research in Finland

— Research on design of new reactor types is effective education

— Research on crosscutting issues will benefit both Gen-IV and Gen-lll
reactors

— State-of-the art inhouse computational methods traditionally developed and
utilized in Finland

— Finnish industry is interested to know about the new application possibilities
of nuclear energy as well as about the sustainable fuel purchase during the
long period Finland is committed in use of nuclear energy

— Participation in the international cooperative research work to guarantee the
safety and non-proliferation properties of the new reactor types
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Finnish contribution in Gen-lIV research

— Finland is GIF participant via Euratom
— Active in Sustainable Nuclear Energy Technology Platform (SNE TP)
— Active in Euratom FP7 research projects

— GENA4FIN network: Aalto, LUT, STUK, MEE, VTT and various industrial
partners ( http://virtual.vtt.fi/virtual/gen4fin/ )

— Finnish share of JHR material testing reactor (2 %)

— Research funded by the Academy of Finland
— NETNUC project 2008-2011
— YTERA doctor school 2012-2015
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http://virtual.vtt.fi/virtual/gen4fin/

NETNUC Project 2008-2011

— New Type Nuclear Reactors (N ETN UC) New Type Nuclear Reactors (NETNUC)
project funded by the Academy of Finland ""CWZE*%EP1“L“"‘.';f‘wm“’t"
was launched in 2008 by a consortium
consisting of Lappeenranta University of
Technology (LUT), Aalto University and
VTT Technical Research Centre of

Efficiency

3. Reactor
physic,
dynamics and
thermal
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4. Reactor
material
performance
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miaterials

5. Advanced
and future
power plant
processas

2. Safety
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Finland. "ﬁ%ﬁ Research S
:;%zi %, Lut Aaite, VTT ﬁ;ﬁ;
— Multiple aspects of various GenlV %%%%}% s ﬁag;ff‘
technologies have been studied during L0 "eyisane e
the project. More info including annual ?’%%”v;?;: iy 58
reports under “Criti | & of ne

cC a
generation reactors (NET
http://www.aka.fi/en-GB/A/Research-
programmes/Ongoing/Susen/Projects/
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Pebble Bed Reactor (PBR) modeling

— Reactor physics is modeled using Monte

Carlo reactor physics code Serpent. Coatedfuel particlesinsidepebble
(Serpentgeometrymodel).

— Packing of spherical fuel elements inside
the reactor core is modeled using Discrete
Element Method (DEM).

— Thermal hydraulics is modeled using the
porous medium solver of the Ansys Fluent
CFD code.

Horizontallycut sectionof the ASTRA
configuration(Serpentgeometrymodel).
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NETNUC research at LUT 2/4

Coupled Simulations of PBR TH ANALYSIS

/ Temperature \
Pebble
\ position data

B distribution
to THsolver

r 1
KTHcaIcuIatlonmesh /\ /

CoupledTH

REACTOR PHYSIC$ andreactor
ANALYSIS physics
Pebble

68 position data
| to MCreactor
physics

DEM ANALYSIS

/Pebblebed

packedusing
DEM

0.74

0.71

0.62

0.59

0.56

0.53

" Localpacking

details(450 000 Pebblebed Powerdistribution
pebbleg geometrymodel

Lappeenranta University of Technology



Condensation modeling

The experimental work on
light water reactor thermal
hydraulics at LUT has
connections to the research
on supercritical water cooled
reactors.

Calculation efforts include,
for example, development
and validation of
condensation models
utilizing data from LUT
POOLEX and PPOOLEX
experiments modeling BWR
containment.

Figure:Rapid condensation of a steam bubble
in POOLEX facility (above). Simulation of that
experiment using NEPTUNE code (below).
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Fuel cycles Safety function to refrain exothermic
chemical reactions in nuclear reactors

— Differentadvancecdchuclearfuel

cycles are evaluated with different - Research has been carried out to
sustainabilityand economicparameters systematically study risks of possible

chemical reactions having potential to fast

- L1 9104 bC/{{ LINEINLY aE dea kR

estimation of fuel cycle materiaind
servicerequirements Radioactivityand
decayheatcalculationdor high level - Both LWRs and other Gen Il reactors anc

waste are carried out with Origen 2.2 all Gen IV reactor types as well as fusion

software.Lifecycleassessmenprogram :
GaBi4.4with ecoinventdatabase is used ~'€aCctors have been considered

for defining radioactiveeffluents.

- LY IRRAGAZ2YZTZ RS@OSt2LIYSYld 2F CAYyfl yRQ:
nuclearcapacityandnuclearfuel cycle in
coming years isvaluated
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NETNUC research at Aalto University 1/3
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Figure Powerdistributionin radialdirection
inside a fuel pin calculated with ans@ep
temperaturedistribution within the pin.

Lappeenranta University of Technology
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Thorium as nuclear fuel: 1050 . . . . . .
— Equilibrium cycle 1045 b A— — reference __
- : ' | | least changes
design for thorium- 1.040 frte e 1010 high 60, -
uranium fuel in BWR 1.035 b _______________ ________________ 12x12 high co. _
using CASMO-4E and ® 1'030 ,,,,,,,,,,,,, L homog. low co. i
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performance at high x ' R :
burnup using FEMAXI- R e e S
6 and analysis of 1.010 e S o e R NRETET
cladding requirements 1.005 oo s e oo e RAN
— Proliferation resistance 1.000
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and radiotoxicity o (EFPD)
urnup

— Economics of thorium
fuel cycles Figure:Excess reactivity of five different
thorium bundles behaves more smoothly than
a reference uranium bundle in an equilibrium
cycleBWR.
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NETNUC research at Aalto University 3/3

Gen-lV technology issues 0042 ggz p—

- Simulating heat transfer to 0al ¢ —
supercritical water with 05 | 295 .........
modified CFD code os | ':
OpenFOAM 1.7 and 0.05 |

[aY]

comparing it to experiments = .|
— Transmutation possibilities in

o

A5 -

Pb-Bi cooled accelerator 01 b
driven system Myrrha with 0.05 @
Monte Carlo code FLUKA ol :
- ReVIeW On |ead-b|smUth 005 0 0.(IJ()1 0.(302 0.(|)03 0.(IJO4 0.(|)05 0.006
cooled small modular reactors radius (mm)

Figure:Spatial evolution of the radial profile
of axial velocity component inside the heated
pipe with supercritical water. The heated,
expanding fluid close to wall causesdiaped
velocityprofile.
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NETNUC research at VTT 1/3

le* — T14.14(—2)|

Simulation of fuel burnup

— VTT has introduced a highly
accurate and efficient matrix
exponential method CRAM
(Chebyshev Rational
Approximation Method) for
solving the burnup equations
and it has been incorporated
into the VTT-developed
reactor physics code Serpent
(http://montecarlo.vtt.fi/) with :
outstanding results. -80 -0 20 10

Real axis

1n0-*
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10—10
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Figure:Contour plot of the accuracy of
CRAM approximation (of order 14) in the left
complexplane
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Thermal vs. fast spectrum
Modelling of fast & ! ! ; ! !
J . - — Thermal (BWR)
reactor neutronlcs 1 |Esasaocsad
_ —Fast (Na-céoled )
—  Sodium cooled fast ; ;
reactor core has been
simulated with both the
deterministic fast
reactor code ERANOS
and Monte Carlo code
Serpent.
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Figure Neutronenergyspectrumin fastand
thermal reactors illustrating why a specific code is
required for fast reactor calculations.
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NETNUC research at VTT 3/3: oxidation and creep

The austenitic steels are currently of interest as potential construction materials for the
future Gen IV nuclear power plants operating at high temperatures.

New models for creep rupture and creep Development of new bellow based creep
strain prediction has beeastablished in fatigue test systemn VTT capableperating at
VTT HT conditions
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Gen IV material research at VTT

— Cross-cutting issues are the basis
— New links for knowledge and data transfer between Gen IV and Gen Il
— Feed-back to the industry on Gen IV research
— Knowledge improvement and education

— Material behaviour at high temperature and under irradiation

— Corrosion and SCC in super critical conditions

— Mechanical behaviour in several high temperature concepts

— Unique experimental facilities and modelling routines
— Advanced autoclave testing technology (SCWR, LWR, doped steam)
— Creep fatigue bellows technology
— Creep and creep fatigue testing and modelling

— Material modelling for life time estimation (oxidation, SCC, creep, creep-
fatigue, ageing mechanisms)

— ODS development
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Gen IV materials R&D activity at VTT, Research overview 2011

ﬁ \ ﬁ/TTmaterial researchfacilities \
orums A 2 SC\Wautoclaves

—  GIF - Gen IV international forum )
_ SCWR M&C A 700°C / 40MPa
—  EERA nuclear materials ) s OXIdE-itIOI’) SCCrreep
~  European Creep Collaborative Committe (ECCC) A Bellowloadingsystemdor HTcreep/ creep
- NOMAGEA4 — Nordic-Gen4 adlelests o
~  OECD NEA working groups A Microstructuralcharacterisation
—  SMINS A Mechanicakcharacterisation
~  GENA4FIN (since 2004) A Modelling
k ~  Link between VTT - universities - industry A Versatilepowdermanufacturingand
K solidifactioncapabilities e.g HIP /
q Euratomprojects )
A GETMAT
A MATTER -
\A Severabther relevantprojects Y, A Me.lodi.eproje.ct
on in-pile testing
National programs: device

Al OF RSYeé 2F CAyYyf I yRIUMENNEENUSF NOK t NP 3INJ YYS
A SAFIR 2014 (for GENII and I1I)
A VTTfundedIMAGO andnodellingfrontier programs
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Finnish in-kind contribution to JHR relating to materials

— JHR construction between 2008-2015, Finland will have a 2% share

— The MeLoDIE in-core mechanical loading device is developed by VTT
and enables application of biaxial stress on a fuel cladding sample with
full online control and to measure online the biaxial creep under neutron
flux.

— Wil be installed first in Osiris reactor in Saclay in 2012

Lappeenranta University of Technology



Conclusions

— State-of—the art research have been carried out in different fields
— Various new young researchers have been educated
— Euratom research projects have been contributed

— The Finnish research strategy on Gen IV is discussed :
— the needs of Finnish industry as well as
— the focus of SNE TP work will be taken into account

— however, the spectrum of research subjects will be versatile also in
fututre
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Thank you for your attention!
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